Paper
The Preparation of Tissue for Cytochemical Tests by N M Hancox MD (Department ofHistology, University ofLiverpool) Most cytochemical work entails applying aqueous reagents of one sort or another to tissue sections. When preparing sections for test the cytochemist tries to achieve the three following basic objectives: (1) Avoiding interference with the nature and amount of chemical constituents. (2) Maintaining their normal localization. (3) Obtaining as life-like a picture as possible so that accurate identification of their sites can be made.
In practice, it is very seldom that all three objectives can be achieved simultaneously, and for most work a compromise has to be accepted. Space permits me to discuss here only the performance of the modern so-called 'freeze' techniques. Some reasons why a compromise may be necessary even with these methods will be described, and a practical situation which arose in the course of everyday work will be discussed which illustrated quite well the need for, and operation of, such a compromise.
Freeze Technique
To avoid chemical artifact the ideal procedure would seem to be to use thin sections taken rapidly from fresh unfixed tissues. This, of course, is perfectly feasible with the modern cold microtome techniques (Pearse 1960 ). The procedure is as follows. First, small bits of tissue are quenched (rapidly frozen to the temperature of solid CO2 or, better, liquid N2). With efficient quenching the extra-and intra-cellular water is converted into ice in a more or less vitrified state. The ice crystals are so small that they leave no mark which can be detected either in the light microscope (Hancox 1957 , Feder & Sidman 1958 or in the electron microscope, even under specially favourable conditions (Rehbun 1961) . Obviously all cell activity ceases at once and chemical constituents cannot be dissolved or diffuse out of place. The quenched tissue can then be sectioned quite easily on a re-frigerated microtome without further treatment, and the sections can be picked up direct on slides or coverslip for further operations.
This procedure represents a major technical advance of especial value, particularly in the study of labile oxidative enzymes. Unfortunately, however, there are several inherent limitations. These centre around the fact that the thin sections of fresh tissue are exceedingly labile, once unfrozen. This stems from two factors: (1) The structural proteins which form the skeleton of the cell and its constituents remain more or less unaffected, i.e. unfixed, by quenching and sectioning. They are therefore unstable, and easily affected by desiccation, hydration, osmotic pressure and the like.
(2) Soluble substances still present easily dissolve out from the thin cell slice on the slide. It is quite simple to detect changes in the appearance of sectioned tissue due to these causes. of rat kidney mounted immediately in buffered saline andrphotographed at once in the phase contrast microscope. Proximal convoluted tubule above. Note rod-shaped mitochondria at periphery and wide brush border area within. Lumen with granular debris at top right. Portion ofdistal convolute below to left. x 2,000 immediately mounted in buffered physiological saline beneath a sealed coverslip. Portions of a proximal and a distal convoluted tubule are shown. Cytological detail is reasonably preserved. The wide brush border and thick rod-shaped mitochondria of the former, and the longer, thinner mitochondria of the latter can be seen. However, as time progresses the appearance of the tissue changes. The brush border begins to swell and relatively coarse striation appears within a few minutes. More or less simultaneously curious bleb-like structures are generated. At the edge of the section, where there is no mechanical barrier, these may become quite long (Fig 2) . They appear ; to grow from all parts of the sectioned tissue and may replace, for instance, the brush border area (Fig 3) . These bleb-like structures are extremely An alternative way of sectioning quenched tissue is to dry it and embed it in wax. The ice can be removed in two ways. In both, the tissue is maintained at low temperature, i.e. in the range of W-35 to -400C, to prevent growth of small ice crystals into large; then either the ice can be sublimed off, in vacuo, which is freeze-drying, or, more simply, it can be dissolved out slowly in an organic solvent such as n-butanol, which is freeze- sectioned proximal convolute. Note the swollen basement Changes such as these must presumably occur membrane surrounding the tubule. Striation is clearly whenever a cold microtome section comes in con-visible in places along its length. There is a marked alterly ation in the overall light transmission of the cytoplasm tact with a watery reagent. They must inevitably and in the appearance ofits constituents. x 1,400 I I substitution. Although on the whole the cold microtome has tended to replace wax embedding, these techniques still have a place.
With freeze-substitution the morphological results can be first rate, as good as or better than with the old traditional cytological fixatives. However, in general exposure to ice solvent and molten wax must have some effect upon labile substances. On the other hand, there is evidence that at least some enzymes remain active, and that protein is not completely denatured; if sections of freezesubstituted tissues are floated out over water, in the ordinary way, they show bizarre changes somewhat analogous to those seen in cold microtome sections. This effect is more noticeable with paraffin than with the synthetic wax mixtures such as ester and polyester (Hancox 1957) .
Practical Application
As an example of the need for, and operation of, a compromise solution, a practical situation which arose in the course of everyday work will now be discussed. It is concerned with the so-called 'dark' or granular cells which are found towards the distal end of the distal convoluted kidney tubule and in the proximal end of the collecting duct system. These cells have been described in recent times by Miller (1961) , Oliver (1945) and by Yoshimura & Nemoto (1953) .
When carrying out work on the fundamental effects of freeze-substitution (Hancox 1957) it was observed that the 'dark' cells were preserved rather beautifully and their granules were clearly seen ( Fig 5) . The question of the nature of the granules naturally arose; were all, or some, mitochondria? It seemed worth while to investigate their content of succinic dehydrogenase on the basis that if they are mitochondria they should contain considerable amounts of this enzyme. This presented a situation in which the three criteria mentioned above would apply with particular force. A first-rate morphological result would be needed for the identification of the granules, whilst the very labile enzyme would have to be preserved intact.
A start was made with quenched tissue cut direct on the cold microtome. Some sections were stained morphologically, and others incubated in succinate-Nitro-BT substrate (Pearse 1960) . As expected, within a few moments a vigorous positive reaction was given by the mitochondria in proximal and distal convoluted tubule epithelium. Unfortunately, however, the morphological results were not consistently good enough for reliable results. This was probably concerned with the effects of water on the sections as described above.
Since it is known that acetone, though depressing the activity of succinic dehydrogenase, does not abolish it completely (Chang & Hori 1961) , some kidney was freeze-substituted in acetone and embedded in low melting-point wax. The 'dark' cells were well preserved, and, in addition, gave a positive reaction for the enzyme (Fig 6) . However, very prolonged incubation (three-quarters to one hour) was needed.
In conclusion, it is probably fair to say that this compromise is typical of the great bulk of cytochemical work. Here, the acceptance of a drastic reduction in enzyme activity made it possible to obtain a fine localization. Very often the converse situation obtains: in order to show The following papers were also read: 
